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ABSTRACT

This study aims to determine the best strategy for sustainable solid waste management in Central Java Province, Indonesia. A
well-managed waste will deal with current and future waste problems. The Analytical Hierarchy Process (AHP) is used to assess
and structure the views of the key person. Super Decisions software is used for the purposes of the analysis. The assessment
revealed that recycling is the best strategy for managing sustainable solid waste in Central Java Province with reference to
economic aspects, environmental aspects, social aspects and technological aspects.
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1. INTRODUCTION

Waste management is everything that concerns people's choice to manage useless goods. Ideal waste management is a zero
waste with the right strategy that can be applied indefinitely, by changing waste physically and chemically so that it becomes a
valuable item again as well as raw material for new products [1].

Waste management as one of the most complicated and costly forms of public services [2]. If there is a failure in managing waste,
it will cause health and environmental problems. Good waste management depends on differences in structure, economy and
social conditions in each region [3].

Implementation of solid waste management in developing countries is very important considering that waste always arises with
increasing urbanization and population growth. Waste management must be carried out properly because it relates to public
health and environmental problems [4]. Waste management requires a strategy by forming a comprehensive hierarchy of waste
management [5]. The hierarchy of waste management helps waste management from planning to the concept of waste
management that is more environmentally friendly until the final processing so as to produce minimal waste [6].

Conventional solid waste management is usually done in many developing countries, especially in the Asia and Pacific region,
where waste only moves from waste sources to landfill. Garbage is not managed in advance from the source. As a result, garbage
in the landfill accumulates. Waste that is only stacked in the landfill will have the potential to cause environmental pollution
[7] and cause illness [8].

Indonesia, as one of the developing countries, seeks to overcome the ever increasing solid waste. The Government of Indonesia
issued Law Number 18 of 2008 concerning Waste Management and Government Regulation of Republic of Indonesia Number 81
of 2012 concerning Household Waste Management and Household-like Waste, explained that the activities of waste reduction and
handling of garbage must be carried out by all levels of society in a gradual and planned manner and based on clear policies and
strategies. Then through the Minister of Home Affairs Regulation No. 33 of 2010 concerning Waste Management
Guidelines, which states that in the context of handling waste in a comprehensive and integrated manner, it is necessary to involve
the participation of the community and the business world proportionally, effectively and efficiently.

Indonesia consists of 34 provinces. One of the provinces is Central Java. The efforts of Central Java Province in realizing a
healthy, beautiful and clean area of waste, then waste management must be carried out comprehensively and integrated from
upstream to downstream to provide economic benefits, be safe for the environment, and can change people's behavior. Waste
management is the responsibility of all stakeholders. Referring to Law Number 18 of 2008, the Governor of Central Java as the
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Head of the Central Java Province, made the Central Java Regulation No. 3 of 2014 concerning Waste Management in Central
Java, adjusted to the conditions in each region. In accordance with this, the regional ggovernment has the duty to guarantee the
implementation of good and environmentally sound regional waste management.

Waste management in Central Java has not been as expected. The waste that is capable of being managed by city districts in
Central Java is only around 5%, and those transported to the landfill are 11% [9]. Therefore, the right strategy is needed to
overcome this. Central Java Province has the capital city of Semarang City. Central Java Province consists of 35 districts/cities,
namely 29 regencies and 6 cities. Its area reaches 3.25 million hectares and its population reaches 33 million people.

About 47,000 tons of garbage per day in Central Java are not transported. Whereas waste that has been transported to the landfill
is only stacked without further management. Waste management at the landfill is operated by open dumping [10]. This condition
will be dangerous in the because the age of the land will decrease. The landfill operation is suggested by the law is a sanitary
landfill, and this method requires extensive land and cost [11]. Therefore, a strategy is needed to deal with the source to the final
stage, with good synergy between the government, the private sector and the community [7].

2. MATERIALS AND METHODS

This study uses primary data involving nine key persons are selected according to the capacity of each (purposive sampling). This
key person is environmental experts and observers. Experts and environmentalists answer questions that have been prepared to
choose a waste management strategy in Central Java, as part of the AHP method. AHP method is a decision making technique that
is often used to solve complex problems from various disciplines. AHP was developed by Thomas Saaty in the 1970s. AHP is a
decision-making system using a mathematical model [12].

[12] states that the AHP method is a tool used to determine the influence of an element on a problem, through a comparison scale
compared in pairs to several elements. AHP organizes goals, criteria, sub-criteria and alternatives that are arranged in a
hierarchical structure. AHP is based on reciprocal comparison, homogeneity, stand-alone and hope.

The steps of choosing a policy alternative by using AHP are (1) building a hierarchical structure to decide criteria, sub-criteria and
alternatives, (2) determining priorities arranged in pairs on relative and sub-criteria, (3) Estimating relative weights with eigen
values which shows the importance of criteria and sub criteria, (4) Determine the consistency index and consistency ratio. The
comparison matrix in AHP will be accepted if the consistency ratio is less or equal to 10% (CR < 0,10) [13].

Table 1. Pairwise Comparison Matrix Scale

Ilr?tfaer::ii; Definition
1 Equal Importance
3 Moderate More Importance
5 Essential, Strong More Importance
7 Demonstrated Importance
9 Absolutely More Importance

2,4,6,8 Values Between Two Close Considerations

Opposite If For Activity I_ Gets One Number When Compared To Activity J, Then J

Has The Opposite Value When Compared To I.

Source: [13]

Pairwise comparison is presented in the form of a matrix, for example with matrix A and the matrix element is a;; , where factor i
is relatively important compared to factor j, so it can be calculated as follows :

1 p a4y,
1/ ayp, 1 T gy
A= [.ﬂ#] = :
lVa, 1/a, -- 1
- - - 1)
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The number of cells in the paired assessment matrix is n (n-1) / 2. Assessment of paired comparisons based on Table 1 applies the
law of reciprocal axioms, for example element A is more important with value 3 with element B, then element B is more
important 1/3 compared to element A. If element A is as important as element B, then each element is worth 1 [14].

Estimating relative weights with eigen values that indicate the importance of criteria and sub criteria [14]. Determination of the
weight carried out by the key person according to the questionnaire. The weight that is searched is expressed in the vector ~ w =
(Wq,W,, ..., wn), so the eigen vector is:

all al2 ... ... aln wl
a2l a22 ... ... a2n w2
anl an2 ... ... anmn wj
)
While the eigen value is
150 (AW)i
Amax = — -
nda wi
Wi (3)

Determine the index of consistency and consistency ratio. The consistency indicator is measured through a consistency index with
the following formula:

cl = Amax— 7 4)
n—1

where CI is the consistency index , A max is the maximum eigen value and n is the matrix size.
Ratio consistency with the formula:

cr
CR="_ )

where CR is consistency ratio, Cl is consistency index and RI is random index . The random index value is presented in table 2
below:
Table 2. Matrix Size and Random Index
Matrix Size Random Index

(R1)

0.00
0.00
0.58
0.90
1.12
1.24
1.32
141
1.45
1.49

O 00O NO Ol & WN -

[EY
o

Source: [13]

The comparison matrix in AHP will be accepted if the consistency ratio is less than or equal to 10% (CR < 0.10)

I1l. RESULTS AND DISCUSSIONS

The AHP structure enables decision makers easily and can determine the choice of strategies offered to overcome problems in
accordance with the criteria and sub criteria that are elevated. Therefore, experts are needed who can make decisions based on
their knowledge and experience [15].
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The waste management hierarchy is as follows:

Solid Waste Management

Government Private . Community

Economy Environment Social Technology
Operating e Soil’ o Air Water Public cul Informal | |Fasy Application | [Easy Getting of | | Land Availability
Income Cost IVESmENt) 1 polution Pollution Pollution Health e | Sector of Appropriate | | Appropriate for Appropriate
Technology Technology Technology

==

Composting - Recycle Sanitary Landfill

Figure 1 . Hierarchy of Sustainable Solid Waste Management Strategies

In accordance with the hierarchy presented in Figure 1, the hierarchy in this study begins with the goal of waste management.
Waste management is the activity of transporting waste from waste sources to final processing at the landfill. Actors who do waste
management are the government, the private sector and the community. The government, in this case, is the agency that is given
the authority to manage waste. The sector is an industry that does waste management. Society is a household and community
institution. The next hierarchy is the criteria covering economics, environment, social and technology. Economic criteria related to
waste management require costs and generate income. Economic criteria consist of operational costs, investment and
income. Operational costs are costs that arise from transporting waste to processing waste at the landfill. Investment is the
investment needed in waste management at the final level. Revenue is income derived from waste management.

Environmental criteria related to pollution that can be caused if the management is not good. Environmental criteria include water
pollution, soil pollution and air pollution. The next criterion is the social criteria. The social criteria relate to social problems of
waste management, which include the culture of the community in managing waste, available jobs in waste management
activities, and the health of the community in accordance with the waste management carried out. The next criteria are
technological criteria. Technological criteria related to land, ease of access and ease of application of technology used in
managing waste.

Based on these criteria, then there are alternative strategies that include composting, waste recycling and sanitary
landfills. Composting is composting organic waste. Waste recycling is the activity of converting inorganic waste into useful and
selling valuable items on a household scale. Sanitary landfill is the processing of waste in the landfill by removing and stacking
waste to a sunken location, compacting the waste and covering it with soil, then so that the waste leachate does not pollute the
water source so there is a geomembrane to localize the leachate. Leachate is treated first before being disposed of. Whereas
methane gas from the waste decomposition process can be channeled through pipes. This methane gas can be used for cooking or
electricity generation. So that sanitary landfills require large areas and are costly, but sanitary landfills are final waste processing
in accordance with the law.

This study uses SuperDecisions as a tool to process AHP in order to choose a sustainable waste management strategy. The AHP
method consists of three phases is model construction that can be obtained from the literature study, model quantification is by
compiling a paired questionnaire on the levels in the hierarchy that are used, the analysis of results that is validating and
interpreting the answers experts.

The hierarchy of waste management strategies is adapted to the study of literature and informal interviews with environmental
observers, namely academics, government authorities in managing waste in Central Java, and non-governmental
organizations. The choice of this strategy determines sustainable waste management that is adapted to the conditions of the
district/city in Central Java. The waste management strategy consists of composting, recycling and sanitary landfill.

www.ijasre.net Page 218

DOI: 10.31695/1JASRE.2018.32853




International Journal of Advances in Scientific Research and Engineering (ijasre), Vol 4 (8), August - 2018

The strategy chosen is carried out by actors as waste managers. In addition, the strategy is based on economic, social,
technological and environmental criteria. Each criterion contains sub-criteria that also determine strategy. Economic criteria
consist of sub-criteria for national income, operational costs and investment. Social criteria consist of sub-criteria for public
health, culture and the informal sector. Environmental criteria consist of sub-criteria of pollution, soil pollution, air pollution.
Technology criteria consist of sub-criteria for the application of appropriate technology, ease of access to appropriate technology,
availability of land for appropriate technology.

The research model is based on waste management institutions, namely the rules that underlie waste management in Central Java
and adhered to by waste management stakeholders. The research model to determine the best waste management strategy in
Central Java is a unity or integration between waste management actors to manage waste based on specified criteria and sub
criteria. After creating a construction model, the next step is to arrange questions in pairs at each hierarchy level. If paired
questions have been arranged, then the priority or weight of each cluster element and inconsistency index will be obtained. The
tools for the analysis needs used are Super decisions. The results of the analysis are presented in Table 3 below:

Table 3. Ranking of Hierarchical Elements

Priority
Clusters Cluster Elements (Weight) Rating
Community 0.16258 2
Actor Government 0.72858 1
Private 0.10884 3
Economy 0.22024 2
Criteria Environment 0.6139 1
Social 0.09693 3
Technology 0.06886 4
Water pollution 0.65736 1
Environment g4 poljution 0.11125 3
Air pollution 0.23139 2
Operating costs 0.24747 2
Economy  pvestment 0.57875 1
Income 0.17378 3
Land availability for
Technology  appropriate technology 0.27298 2
Easy getting of appropriate
technology 0.27185 3
Easy application of
appropriate technology 0.45517 1
Recycle 0.54981 1
Strategy Composting 0.22534 2
Sanitary Landfill 0.22486 3

Based on Table 3, the main waste management is the government. H al is the mandate of Law No. 18 of 2008, that the
government is obliged to manage waste as part of the task of structuring a city [16] Research [7] show that the role of government
is very important in waste management. The role of the government, in this case, is as a provider of solid waste infrastructure,
especially for developing countries [17]. However, the community and the private sector must still play an active role in managing
waste [18] .The community is even expected to manage waste from the source of waste, namely households [19]. Private
companies such as companies are obliged to also reduce waste from packaging products produced and processed waste [20].

In addition to the assessment of the actors, the next assessment is about the criteria. As per Table 3, the environment is a priority
criterion. This is consistent with the study of [15] that waste management is closely related to environmental problems. If waste is
not managed properly, environmental quality will decrease [8]. However, waste management is an integrated activity, considering
that waste is a complex problem [21]. All aspects involved in waste management are management, cultural, political, social,
environmental, economic and institutional techniques as well as optimal combinations of methods of prevention, reduction,
recovery and disposal by involving stakeholders so that waste problems can be solved from upstream to downstream [16].
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Waste problems are closely related to environmental problems. Environmental criteria in this study are water pollution, air
pollution and soil pollution. In accordance with Table 3, water pollution is a priority for environmental criteria. According to [15]
that waste that is disposed of carelessly or garbage that is disposed of in the landfill without being managed further will make it
possible to cause water pollution. This happens because the slippery water that comes out of the natural process of garbage decay
is not accommodated so it will enter the nearest water source or the nearest water channel.

This condition usually occurs in the landfill where waste management uses an open dumping system. According to [10], there are
still many waste management in Central Java that operates using open dumping systems. In accordance with Law No. 18 of 2008
concerning Waste Management, this system has actually been banned. However, this system was chosen because it is low-cost
compared to the high-cost sanitary landfill system, although open dumping has a consistency that can cause water pollution. The
middle road chosen by the district/city for final processing in the landfill is controlled landfill, where waste that has been
transported to the landfill periodically will be compacted and then filled with soil to avoid flies and odors.

The smell of garbage is one of air pollution. In accordance with Table 3, air pollution ranks second on environmental criteria. In
addition to water pollution, an open dumping system in the landfill will cause odor. If the waste is burned conventionally, then,
the burning of waste will produce carbon monoxide (CO), carbon dioxide (CO2), dioxin, benzopirene, particulates and others. The
gas will cause air pollution because it will disrupt human health [7]. According to [22], an open dumping system in landfills can
also cause air pollution and soil pollution. Soil pollution ranks third on environmental criteria based on Table 3. Waste that is
difficult to decompose such as B3 waste, plastic, glass when directly stockpiled, liquid inorganic waste such as used oil, dirty
water containing chemicals, and other household waste when disposed of directly to the soil without further treatment will cause
the decomposing bacteria to die, so that these wastes can cause soil pollution [23].

In addition to environmental criteria consisting of water pollution, air pollution and soil pollution, waste management is also
related to economic aspects. Economic criteria include operational costs, investment and income. Based on Table 3, the economic
criteria that are ranked first are investments. This is because the ability of local governments is limited, so investment is needed
both domestically and from abroad to help overcome solid waste problems [15]. The waste processing technology is difficult to be
fulfilled by regions in Indonesia because it is very expensive, so investment is needed to process the waste [24].

Ooperational costs are also a separate obstacle in waste management. Based on Table 3, operating costs are ranked second on
economic criteria. Operational costs are needed to manage waste from upstream to downstream. The operational costs include all
costs incurred during garbage collection, garbage transportation and final processing at the landfill as well as maintenance of solid
waste facilities and infrastructure [25]. To realize a zero waste condition, the consequences that must be borne are the emergence
of high costs in waste management [7]. Operational costs play an important role in waste management, however, the operational
costs of waste management in Indonesia are very small. Therefore, garbage in the city districts in Central Java has not been fully
overcome properly.

The next ranking of economic criteria in accordance with Table 3 is income. Garbage is considered an economic resource that can
increase income [15]. The income is in the form of profits from waste collection efforts and profits from waste recycling efforts
where creativity in managing waste can foster creative industries that can sustain the national economy [26].

Waste management is also related to social criteria. Social criteria include public health, culture and the informal sector. Based on
Table 3, the social criteria that are prioritized are public health. Waste that is not managed properly will have an impact on human
health due to the heap of garbage as a source of transmission of diseases such as diarrhea, dysentery, malaria, tuberculosis and
abdominal typhus [8]. Dirty environment as a good place for developing germs, therefore the concept of zero waste really must be
implemented so that public health is maintained.

Disease spread from waste can be avoided, by increasing the culture of clean living. The culture of clean living is to carry out
activities to dispose of trash in its place which must be continued. According to Table 3, culture occupies the second priority of
social criteria. Efforts to improve the culture of clean living can be started from the household environment as well as from
education. In accordance with [17], education can influence a person's behavior, including the behavior of throwing trash in its
place, behavior of managing waste from the source and so on. With sufficient education, bad behavior towards the environment
can be avoided [27]. However, in reality, the level of education in Central Java is low, where the average length of new schools
reaches primary education [28]. This condition shows that knowledge of good waste management in Central Java is still lacking
and clean living has not become a culture.

The level of education in Central Java is low, the available employment and in accordance with the educational background is the
informal sector. Based on Table 3, the informal sector occupies the third priority of social criteria. This informal sector is in the
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form of collecting used goods and recycling waste that can create new jobs. The large volume of solid waste generation
allows open business opportunities for collecting used goods and recycling waste [29]. This effort will succeed if businesses in
this field know the marketing of their products [14], so that the goods marketed will sell and bring profits.

The next criteria related to waste management are technological criteria. In accordance with Table 3, the priority of technology
criteria in the sequence is the application of appropriate technology, availability of land for appropriate technology, and easy to
obtain appropriate technology for waste management. As present waste management technology is high technology and very
expensive. So, that the city district is difficult to implement it [24]. But in the future, waste management requires simple
technology and is easily applied by the community [30]. Besides being easy to implement, waste management technology requires
land so that waste can be accommodated for further processing and does not disturb the surrounding environment [15]. Land for
waste processing technology is important, considering that waste management technology requires large areas of land such as land
used for sanitary landfills, land for incinerators and other technologies. The current condition of land is difficult to obtain,
especially in big cities, so that's a lot of waste is not managed and disposed of in any place. Whereas daily waste increases, while
available land remains, so the carrying capacity of the land decreases [31].

In addition to the application of appropriate technology, the availability of land for appropriate technology, then based on Table 3,
it is easy to get the right technology for waste management as the third priority after the application of appropriate technology,
availability of land for appropriate technology. The ease of application of technology is helped by the ease with which people
access information about various knowledge to manage waste. Complete information includes the ease of application of
technology and the place of technology providers to greatly help the community to manage waste further [32]..

Based on the selection of priorities on actors and criteria, according to the results of the SuperDecisions software, a key person
(government, community and private) waste management strategy is selected as the first rank of the waste management strategy
with a priority of 54.9806% followed by composting in second place and sanitary landfill as third place. Recycling is the best
solution because it is low-cost when compared to expensive sanitary landfills, can be done at the household level [33], can reduce
the spread of diseases from waste stacks [8], can improve the welfare of the community, can increase the value of waste [26], can
reduce water pollution, can reduce land pollution [34], can reduce air pollution [35]. Waste recycling can also be a culture that
must always be developed in the community. According to [9] in 2014, Indonesia's recycling population had only reached 1.23%
and the population of Central Java had only reached 1.19%.

4. CONCLUSIONS AND RECOMMENDATIONS

Based on the results of the analysis, waste recycling is the best strategy chosen, with the main actor managing waste is the
government. Waste recycling was chosen as a strategy for waste management in Central Java because of cost, easy to implement,
simple technology, reducing environmental pollution, so that public health is created.

Increasing the role of all elements of society, namely the government, the private sector and the community itself and all aspects
of waste management, such as management techniques, culture, politics, social, environmental, economic and institutional as well

as optimal combinations of methods of prevention, reduction, recovery and disposal. So that integrated waste management can be
carried out well.
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